The experiments described in the present work were designed to study the function of the N-terminal end of thymidine kinase (TK) encoded by herpes simplex virus type 1. Specifically we were interested to know whether this end was involved in binding of the enzyme to other molecules, had any influence on its subcellular localization or affected one or more of the activities associated with the enzyme. A parental enzyme and a deletion mutant, lacking the 45 N-terminal amino acids, derived from this strain, were used. Thymidine kinase from the parental virus bound to DNA-Sepharose, but the truncated enzyme did not. This was apparently not due to a specific ability to bind to DNA, since immunofluorescence studies indicated that both the normal and the deleted TK were mainly located in the cytoplasm, preferentially in the perinuclear region. Phosphorylation of thymidine as well as the amounts of TK potypeptides were markedly reduced at late times after infection with the mutant, but not to the same extent after infection with the wild-type. The deleted TK gene was efficiently transcribed as shown by hybridization of RNA to a probe specific for the gene, and this RNA directed the synthesis in vitro of TK polypeptides. Deletion of the 5' end of the gene seems to affect the stability of either the enzyme or TK-specific mRNA, or both. The TMP phosphorylating activity seems to be particularly destabilized relative to the thymidine phosphorylating activity.
INTRODUCTION
One of the enzymes induced by herpes simplex virus (HSV) during lyric infection is pyrimidine deoxyribonucleoside kinase (thymidine kinase, TK) which is capable of phosphorylating both thymidine and deoxycytidine (Cheng & Ostrander, 1976; Jamieson & Subak-Sharpe, 1974; Thouless & Wildy, 1975) . This enzyme is the target of many potent antiviral agents such as the drug 9-(2-hydroxyethoxymethyl)-guanine (acyclovir) (Elion et al., 1977; Fyfe et al., 1978) .
The 5' end of the TK gene contains three initiation codons which are all used to some extent both in vivo and in vitro (Marsden et at., 1983; Haarr et al., 1985) . Three polypeptides of Mr 43000, 39000 and 38000 (43K, 39K and 38K) are thus generated from a single gene such that their C-terminal ends are identical, but the N-terminal ends are different (Marsden et al., 1983) .
The HSV-1 mutant A1, in which coding sequences have been deleted from the 5' end of the TK gene (Halpern & Smiley, 1984) does not encode the 43K polypeptide, but overproduces the two others (Haarr et al., 1985) . This mutant retains TK activity, but at a reduced level (Halpern & Smiley, 1984) . In the present work we used the deletion mutant and the parental strain to study possible effects of the N terminus of TK on the cellular localization of the enzyme and on its activities.
Thymidine kinase has been detected in a nuclear, multienzyme complex involved in DNA synthesis in some mammalian cells (Reddy & Pardee, 1982; Wickremasinghe et al., 1982 Wickremasinghe et al., , 1983 . Among the DNA-binding proteins induced by HSV-1 is one of the same Mr (43000) as the largest TK polypeptide (Bayliss et al., 1975; Powell & Purifoy, 1976) . There are thus reasons to propose that TK from HSV-1 is associated with DNA in the nuclei of infected cells, and that this may be mediated by the highly positively charged N terminus ofTK (McKnight, 1980; Wagner et al., 1981) . The abilities of the normal and truncated TK to bind to DNA were therefore tested. Only the former bound. Immunofluorescence experiments, however, indicated that both enzymes were mainly localized close to the nuclear membrane.
Enzyme activities were measured both by binding of phosphorylated forms of thymidine to DEAE paper, and by separating the individual nucleotides quantitatively by high pressure liquid chromatography (HPLC). We conclude that thymidine kinase and thymidylate kinase activities are reduced at late times after infection as a consequence of the deletion at the N terminus of TK, and that this may be due to destabilization which affects phosphorylation of TMP more than that of thymidine. Marsden et al. 0983) .
METHODS

Materials
Mouse serum containing polyclonal antibodies against HSV TK (all polypeptides) was a gift from Dr Kenneth Powell (Wellcome Research Laboratories, Beckenham, U.K.). The plasmid containing most of the TK gene was a gift from Dr Chris Preston (MRC Virology Unit, Glasgow, U.K.). The BgIII/SmaI fragment in the kanamycin resistance region of pKC7 (Rao & Rogers, 1979) was replaced with the BglII/SmaI fragment of the HSV-1 TK gene.
Viruses and cells. HSV-1 strain C1 101 (Summers et al., 1975) and the mutant A1 derived from this strain (Halpern & Smiley, 1984) were used. A1, which was a gift from Dr James Smiley (McMaster University, Hamilton, Canada) lacks residues extending from -120 to + 81 relative to the first ATG codon in the wild-type. The deletion thus includes the first ATG codon, but leaves the two others and the promoter elements intact. BHK 21 clone 13 cells (Macpherson & Stoker, 1962) were grown in Eagle's minimal essential me.dium supplemented with 10~ calf serum.
Radioisotope labelling of infected cells. Confluent cells in 30 mm dishes were infected at 20 p.f.u./cell. At the end of the adsorption period the cells were washed twice with Eagle's minimal essential medium containing one-fifth the normal concentration of methionine. Then 1 ml of this medium and 100 to 150 ~tCi of [35S]methionine were added per dish and incubation was continued for the specified period of time.
Protein synthesis in vitro. RNA samples were translated in a fractionated rabbit reticulocyte system treated with micrococcal nuclease (Pelham & Jackson, 1976; Preston, 1979) .
Cell disruption and preparation of cytosolic and nuclear extract. The medium was removed and the cells were washed twice with phosphate-buffered saline (PBS). A buffer containing 250 mM-Tris-HC1 pH 7.5, 2 mM-MgC12, 3 mM-dithiothreitol, 0.5 mM-CaClz, 2 mM-ATP and 0.1 mM-phenylmethylsulphonyl fluoride was added to each dish, and the cells were scraped offwith a rubber policeman. The material from three dishes was collected in a total volume of 1.2 ml and subjected to nitrogen cavitation (Hunter & Commerford, 1961; Svardal & Pryme, 1978) . Nitrogen was let through the apparatus for 5 min at low pressure to evacuate the air. The pressure was then maintained at 1.4 MPa (200 lbf/in ~) for 5 min before expulsion of the suspension from the apparatus and loading on a discontinuous sucrose gradient which was prepared in the buffer described above, except that CaC12 was omitted. The gradient contained 6.5 ml 1-40 M-sucrose on top of 3-5 ml 1"75 M-sucrose, and centrifugation was carried out at 40000 r.p.m, for 2.5 h either in an International rotor 488 or in a Beckman SW41Ti rotor. Fractions of 500 ~tl were collected. Examination of the fractions in the microscope showed that the pellet contained nuclei essentially free of membranes, and most of the membranes were concentrated in the interphase of the two sucrose solutions.
The nuclei were disrupted osmotically by adding 30 to 50 ~tl gradient buffer to the pellet and then resuspending it gently. NaC1 and NP40 were added to final concentrations of 1.5 M and 1 ~ (w/v), respectively, and allowed to act for 10 to 15 rain before adjustment with gradient buffer to a final volume of 160 p.l. Centrifugation was then done in a TLA 100.1 rotor in a Beckman microfuge at 85 000 r.p.m, for 30 rain, and the supernatant used for enzyme assay.
The whole procedure was carried out at 0 to 4 °C.
DNA-Sepharose chromatography. Calf thymus DNA was treated with chloroform and isoamyl alcohol to remove proteins and then incubated with pancreatic RNase (5 ~tg/mI) for 30 rain at 37 °C. Coupling to Sepharose was performed as described by Arndt-Jovin et al. (1975) using 3 mg DNA/ml. A 45 mm column with a diameter of 5 mm was then prepared and equilibrated with a buffer containing 20 mM-Tris HCI pH 8.0, 50 mM-NaC1, 10 mM-EDTA, 1 mM-2-mercaptoethanol and 10 ~ (w/v) glycerol (Sj~.stad et al., 1983) . Proteins were eluted by increasing the concentration of NaC1 stepwise to 0-2, 0.4, 0.6, 0-8, 1.0, 1.5 and 2.0 M.
Preparation of proteins, gel electrophoresis and polypeptide nomenclature. One-dimensional SDS PAGE was carried out in 5 to 12.5 ~ gradient gels (Marsden et al., 1978) . Two-dimensional non-equilibrium pH-gradient gel electrophoresis (NEPHGE) was performed essentially as described by O'Farrell et al. (1977) with minor modifications (Haarr & Marsden, 1981) . The second dimension was a 9 ~ polyacrylamide gel crosslinked with NN-diallyltartardiamide (DATD) or NN'-methylenebisacryalamide (BIS) (Haarr & Marsden, 1981) . The TK polypeptides were numbered as described previously (Marsden et al., 1983; Haarr et al., 1985) .
Autoradiography andfluorography. The slab gels were fixed, infused with PPO as described by Bonner & Laskey (1974) , dried and exposed to Kodak XAR 5 film at -80 °C. Some of the autoradiographs were scanned in a Beckman DU-7 spectrophotometer connected to an Epson dot matrix printer.
Assay for thymidine kinase activity. Assay of TK activity by binding of phosphorylated forms of thymidine to DEAE 81 paper discs was performed as described by Preston (1977 b) , except that creatine phosphate (5 mM) and creatine kinase were present as an ATP-generating system. The peak fractions of cytosolic TK activities (see Fig. 3 ), as determined by the DEAE paper method, were used for enzyme reactions to be analysed by HPLC. Twenty ~tl of each peak was incubated for 60 min at 30 °C in 50 ~tl reaction mixture in the presence of [3H]thymidine. A set of parallel reaction mixtures was prepared, but not incubated, to measure the radioactivity in thymidine and TMP at zero time. The reaction was stopped by adding 1 vol. ethanol containing acetic acid (pH 4.0). Eighty ~tl of the final mixture was injected into the liquid chromatograph. Thymidine, TMP, TDP and TTP were separated using a Partisil-10 SAX column (purchased prepacked from Whatman) and three isocratic systems. Thymidine and TMP were eluted with 25 mM-KH2PO 4 (pH 3'3), TTP with 450 mM-KH2PO4 (pH 3.94) and TDP by mixing 3 vol. of the 25 mM buffer with 2 vol. of that of 450 mM. To identify the different nucleotides, 5 to 10 ~tl of a 5 mM standard solution of thymidine, TMP, TDP or TTP was injected together with the radioactively labelled material. The eluate was monitored with a model 1203 u.v. detector (254 nm) (Laboratory Data Control, Fla., U.S.A.), connected to a model 3380S integrator from Hewlett Packard. The peaks of thymidine, TMP, TDP and TTP (see Fig. 7 ) were collected and the radioactivity counted in a Packard scintillation counter. The recovery of HPLC grade standard thymidine and nucleotides from this column was /> 95 ~.
Measurement of protein.
Reagents from Bio-Rad were used to measure the protein concentration according to the manufacturer's instructions.
Indirect immunofluorescence. Cells were grown on coverslips, infected for 5, 6 or 12 h, fixed overnight in methanol at -20 °C and stored at 4 °C in PBS containing 0-1 ~ sodium azide (Norrild et al., 1986) . Preincubation with normal rabbit serum was carried out for 1 h at room temperature (Addison et al., 1984) followed by incubation overnight at 4 °C with a dilution of antiserum. FITC-coupled antibody was diluted 1 : 20 with PBS, added to the cells and allowed to act for 1 h at room temperature. The coverslips were washed extensively in PBS between the various steps and mounted on glass slides in 50~ glycerol.
Hybridization ofplasmid DNA to virus RNA. RNA was isolated from uninfected and infected cells as described by Preston (1977a) . Reagents from Bethesda Research Laboratories were used for nick translation of DNA (0.5 ~tg) according to the manufacturer's procedure. Samples of RNA were incubated at 60 °C for 10 rain after addition of formaldehyde, EDTA and phosphate buffer (pH 6-5) to final concentrations of 8~o, 16.7 mM and 167 mM respectively. Three vol. 20 × SSC was added to each sample, RNA was adsorbed to a nitrocellulose filter using a Schleicher & Schuell apparatus designed for slot hybridization, and then fixed. Prehybridization with a large excess of herring sperm DNA was performed before hybridization to nick-translated DNA. The procedure was essentially as described by Maniatis et al. (1982) . Cytosolic fractions were prepared as described in Methods, and those fractions containing most radioactivity (no. 3 from top) were used further. Onehundred ~tl of each, corresponding to 4 x 106 acid-insoluble c.p.m., was loaded on a DNA Sepharose column. The column was washed three times with buffer (see Methods) before elution at various concentrations of NaCI, using 1.2 ml solution at each step. Samples from all steps were analysed by 2-D gel electrophoresis. For orientation some polypeptides are arbitrarily labelled b, c, d, e and f. A is actin. The TK polypeptides are numbered as described in Methods and in the text.
RESULTS
Subcellular localization of TK and ability to bind to DNA
Since there were reasons to think that T K could be a nuclear enzyme bound to D N A by the N terminus of the full size 43K polypeptide, we expected that deletion of the N-terminal end would affect binding to D N A . It has been reported that T K involved in D N A synthesis in some eukaryotic cells seems to leave the nucleus when replication stops (Reddy & Pardee, 1980) . T K deficient in DNA-binding could therefore have a subcellular localization different from that of the normal enzyme.
Cytosolic extracts from cells infected with the parental virus of the deletion mutant were loaded on a D N A -S e p h a r o s e column. Polypeptides running through the column and those eluted with various concentrations of NaC1 were subjected to 2-D N E P H G E and the results are shown in Fig. 1 . The positions of T K polypeptides in the 2-D gel were known from previous experiments (Haarr et al., 1985; Marsden et al., 1983) , and the polypeptide nomenclature is the same (Marsden et al., 1983) . Thus, the spots of the 43000 Mr polypeptide have numbers 61 and 62, and those of Mr 39 000 and 38 000 are 69 and 70, respectively. [Since spot no. 60 of the 43 000 polypeptide (Marsden et al., 1983 ) is very faint, it has no arrow.] The 39K and 38K polypeptides both from C1 101 and A1 were present in the wash from the column, and only trace amounts were detected in the material eluted with 0-2 and 0-4 M-NaC1. By contrast, the 43K polypeptide was found to be bound to DNA-Sepharose and started to elute at 0.4 M-NaC1. We conclude from these experiments that the ability of the 43K polypeptide to bind to D N A is lost when the N terminus is deleted.
Indirect immunofluorescence was performed using various concentrations of antibodies directed against HSV-TK. The results obtained at an appropriate dilution in the range 1:150 to 1 : 500 are shown in Fig. 2 . The localization of TK was clearly different from that observed for DNA-binding proteins (e.g. Addison et al., 1984) . At the highest dilution of antiserum, the fluorescence revealed a preferential perinuclear distribution (Fig. 2a, b ) in cells infected with C1 101. When increasing the concentration of antibodies, the fluorescence increased in the cytoplasm rather than in the nucleus (Fig. 2e) . No significant difference was observed between cells infected with the wild-type virus (Fig. 2d ) and the deletion mutant (Fig. 2c) . These experiments suggest that the N terminus of the 43K TK polypeptide has no influence on the subcellular localization of TK.
Measurement of TK using the D E A E paper assay
The normal TK enzyme activity, as detected by the D E A E paper method, is present in an increasing amount in HSV-l-infected cells from approximately 3 to 10 h, and then remains at a L. HAARR AND T. FLATMARK Fig. 3 . Thymidine kinase activity per lag protein in the cytosolic fractions at various times after infection. Uninfected or infected cells were disrupted, subjected to centrifugation on a discontinuous sucrose gradient and fractions were collected as described in Methods. Thymidine kinase activity was measured by the DEAE paper assay method using 10 lal sample in 50 ~tl reaction mixture and incubating for 30 rain at 30 °C. Uninfected more or less constant level for several hours (Fyfe et al., 1978) . The deletion mutant A1 is reported to retain some enzyme activity (Halpern & Smiley, 1984 ), but it is not known whether this activity shows any variation with the time after infection similar to that of the normal enzyme. We therefore measured the activities in extracts from cells infected with the mutant or parental strain in the presence of 100 ~tM-TTP (Jamieson & Subak-Sharpe, 1974; Preston, 1977b) which was found to inhibit completely the TK activity of the host cells (results not shown). Under these conditions the virus-induced enzyme activity is only slightly affected (Jamieson & Subak-Sharpe, 1974; Preston, 1977b) . For both types of virus-infected cells the reaction was linear with time for at least 1 h (Fig. 3 a, inset) . Most of the enzyme activity was recovered in the cytosolic fraction (Fig. 3 a) and almost negligible amounts were associated with the membrane fractions (fractions 14 to 16). Similar results (not shown) were obtained in the late period of infection. Analysis of cytosolic fractions at various times after infection (Fig. 3b) indicates that enzyme activity is markedly reduced late after infection with the mutant A1, but remains at an almost constant level with the parental virus C1 101.
There could be several explanations for this observation. First, the TK polypeptides encoded by the mutant gene may have been produced in normal amounts but were enzymically less active than the normal, full size 43K polypeptide. Second, they may have been synthesized at reduced levels, or were more unstable when formed. Thirdly, RNA synthesis, or the stability of RNA transcribed from the deleted gene, may have been affected. To distinguish between these possibilities mRNAs and the TK polypeptides formed by the parental and the mutant virus at various times after infection were studied.
TK-specific polypeptides and mRNAs
Polypeptides were labelled with [35S]methionine from 5 to 7, 9 to 11 or 15 to 17 h after infection with either virus, and then separated by 2-D gel electrophoresis. Fig. 4 shows that the 43K polypeptide (spots 60 to 62) was still being synthesized at 15 to 17 h post-infection (C1 101), whereas the 39K and 38K polypeptides (spots 69 and 70) were undetectable at 9 to 11 h and later. 
Basic
This was confirmed by longer exposure of the films. Similar results (not shown) were obtained when the labelling periods were reduced to 30 min. This suggests that the two smaller T K polypeptides are either more unstable at late times or less efficiently translated than the 43K polypeptide.
R N A preparations from uninfected cells, and from cells infected with C1 101 or A1 for various periods of time, were analysed both for their abilities to hybridize to a probe from the HSV-1 T K gene and to direct the translation of TK polypeptides in vitro. The results are shown in Fig. 5 and 6. The BglII/SmaI fragment, which contains sequences from the HSV-1 T K gene exclusively, hybridized to R N A from both viruses whether isolated at early or late times after infection (Fig. 5) . Scanning of the autoradiograph with a densitometer showed that the intensity The functions of the different mRNAs were tested by translation in vitro and separation of the polypeptides by 2-D gel electrophoresis. The results are shown in Fig. 6 . At 6 h post-infection there was an overproduction of 39K and 38K (spots 69 and 70) in A1 compared to C1 101. At 12 h, however, the amounts were almost similar, and markedly lower than those in A1 at 6 h. In contrast, the 43K polypeptide (spots 60 to 62) was efficiently formed by C1101 at both 6 and 12 h. These results show that the translation of A1 mRNA is reduced, but not abolished at late times of infection.
Measurement of thymidine, TMP, TDP and TTP by HPLC
Since three phosphate groups must be added sequentially to thymidine to obtain the substrate for DNA synthesis (TTP), the various phosphorylated forms of thymidine should be quantitatively separated in order to detect any defect in this metabolic sequence. DEAE paper does not distinguish between these phosphorylated forms, and the affinity of their binding to the paper depends upon the degree of phosphorylation. Separation of thymidine, TMP, TDP and TTP in the present study was obtained by HPLC, and the recovery of HPLC grade thymidine and the standard nucleotides from the column was />95% (Fig. 7) .
We concentrated on the two enzyme activities known to be associated with HSV-1 TK, i.e. phosphorylation of thymidine and TMP. The relation between these two activities rather than the total activities in a given enzyme preparation would be of particular interest, since changes in the total activities could simply reflect changes in the amount of polypeptides (Fig. 4 and 6 ). (Table 1) . It is seen that the conversion of thymidine to TMP was very efficient both at 6 and 9 h post-infection, and that it was not detectably affected by deletion of the N terminus of TK. Furthermore the deletion did not abolish the thymidylate kmase activity, although it was markedly reduced compared to that of thymidine phosphorylation at late times after infection. Additional experiments confirmed this conclusion. Thus, when unlabelled TMP (50 tXM), purified by HPLC, was used as the substrate no measurable conversion of TMP was observed (reaction time 60 min) with the deleted enzyme from the late period, whereas significant activity was observed with the corresponding enzyme preparation from the wild-type strain (400 to 481 pmol/min/mg).
The efficient phosphorylation of thymidine to TMP at 9 h after infection with A1 may be surprising when compared with the low enzyme activity detected by the DEAE paper method (Fig. 3) . This apparent discrepancy can be explained by the fact that in our hands TMP binds poorly to DEAE paper compared to TTP. The ability to phosphorylate thymidine, however, was reduced at later times after infection with the deletion mutant. Thus, in one experiment (results not shown) the formation of TMP per ~g protein at 13 h was about 10 % of the formation at 6 h. A similar comparison of activities after infection with the wild-type showed a reduction to 32%.
Measurement of TK activity in nuclei
Several attempts were made to determine the TK activity in the nuclear fractions. The nuclei were disrupted as described in Methods, DNA was removed by centrifugation and the DEAE paper method and HPLC were used to measure phosphorylation of thymidine. Thymidine kinase activity was almost undetectable in all nuclear preparations. When NP40 and NaC1, which were used to dissolve nuclei and release proteins bound to DNA respectively, were omitted in some experiments similar results were obtained.
DISCUSSION
The experiments reported here were designed to investigate whether any particular function was located to the N terminal end of the HSV-l-induced TK polypeptide of Mr 43000. We observed that this polypeptide, which is translated from the first AUG codon in mRNA (Marsden et al., 1983; binds to DNA (Fig. 1) . In contrast, polypeptides initiated at the second and third AUG codons, and thus lacking 45 and 59 amino acids, respectively, of the N terminus (Marsden et al., 1983) did not bind. Most of the TK was observed in the cytosolic fraction and close to the nuclear membrane ( Fig. 2 and 3 ), both at early and late times after infection. This indicates that the binding observed to DNA-Sepharose (Fig. 1) reflects an ability to attach to negatively charged molecules in general rather than specific binding to DNA in vivo.
Many nuclear proteins have a signal sequence for their translocation into the nucleus (Dingwall, 1985; Kalderon et al., 1984a, b; Lanford & Butel, 1984) . For instance, the sequence Pro-Lys-Lys-Lys-Arg-Lys-Val is necessary for accumulation of simian virus 40 large T antigen in the nucleus (Kalderon et al., 1984a) . If a similar signal is required for translocation of HSV-specific polypeptides, then the 43K TK polypeptide would not enter the nucleus since this signal is absent. Consistent with this, most of the enzyme activity and the fluorescence was outside the nucleus. It is difficult to compare these results with those of Herzberg et al. (1981) who detected TK activity in the nuclei of HSV-infected cells, since the activity in the cytoplasm was not measured. Furthermore, the methods used for preparation of nuclei are different.
Replication points of DNA are associated with the nuclear membrane in various mammalian cells (Mizuno et al., 1971 ; Pearson & Hanawalt, 1971 ; O'Brien et al., 1972; LeBlanc & Singer, 1974) . Synthesis of HSV DNA initially occurs near the nuclear membrane (Randall & Dinwoodie, 1986) . The accumulation of TK at the nuclear membrane observed in the present work does not imply that this protein is part of a multienzyme complex involved in DNA synthesis. The localization is different from that of three virus-induced proteins closely associated with DNA synthesis, namely immediate early 175K (ICP 4), the major DNA-binding protein (ICP 8) and DNA polymerase (Randall & Dinwoodie, 1986) . Furthermore, the latter two proteins and alkaline exonuclease are able to interact in vitro, but TK seems not to take part in this interaction (Vaughan et al., 1984) .
Deletion of the first AUG codon from the TK gene seemed not to affect markedly the relative amount of TK-specific mRNA synthesized since hybridization to a TK probe was about 80 ~ of that obtained with wild-type mRNA (Fig. 5) . If the deleted mRNA was functional one would expect an overproduction of 39K and 38K by translation in vitro (Haarr et al., 1985) . This is clearly seen at 6 h post-infection (Fig. 6) . At 12 h, however, the amounts of these polypeptides are reduced to a greater extent than the formation of 43K by the C1 101 mRNA. This would suggest that A1 mRNA is more sensitive to degradation at late times than the normal mRNA. Fig. 6 shows that some functional mRNA was still present although reduced at late times. The two polypeptides were undetectable late after infection with the mutant (Fig. 4) , suggesting either that translation was inhibited in vivo or that the truncated polypeptides were unstable. A combination of these effects could also occur. At the present time, we cannot distinguish between these possibilities.
Although the results were essentially the same from one experiment to another, some variation was observed in the amount of TTP formed in the enzyme reaction, depending upon the method of enzyme preparation. To obtain a good yield of TTP from normal cytosolic extracts a partial purification of the enzyme, e.g. on a sucrose gradient, seemed important; extracts prepared by a different method (Fyfe et al., 1978) synthesized TTP less efficiently than those used in the present work. A reason for this could be the presence of unlabelled thymidine and nucleotides in the cytoplasm; these would be mainly in the top fraction of the gradient, which was not used for enzyme studies.
Four enzyme activities have been reported to be associated with the HSV-induced TK (for review, see Miiller & Falke, 1982) . (i) A deoxypyrimidine kinase catalyses the phosphorylation of thymidine to TMP and of deoxycytidine to dCMP (Cheng & Ostrander, 1976; Jamieson & Subak-Sharpe, 1974; Thouless & Wildy, 1975) . (ii) TMP is phosphorylated to TDP (Chen& Prusoff, 1976) . ATP is the phosphate donor in both the above reactions. (iii) AMP can act as a phosphate donor for phosphorylation of thymidine (Jamieson et al., 1976; Falke et al., 1981) , and so can ADP (activity iv) . The latter two activities would be undetectable in our assay system since ATP was in excess and regenerated continuously.
The functionally important regions of the TK polypeptides identified so far, those for ATPbinding (Otsuka & Kit, 1984) and nucleoside binding (Darby etal., 1986) are both outside the 45 amino acids missing from the deleted enzyme. Of those activities left after deletion, phosphorylation of thymidine was apparently unaffected but the thymidylate kinase activity was reduced. Although this finding may indicate that the two activities can be assigned to different domains of a single polypeptide chain, further studies are required to establish this.
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